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By Es FloydValmtine ~ Ma&as Mastmoola.

Immmo!mm

As a result of a request by the Azqy Alr Corps, a propeller
submittedby theWiokwire-SpemoerSte@ Coqany was,testedto
determinethe aemdynemiopmpertlps. me propellerwas desl~eil
for operationon a smilltargetairplaneoapableof flyingat
about200 milesper hour at 1600 feet altitudewith a 17&horsepower
emgine. !the pitohof the propelleris intendedto be controlledin
fli@t automtioallyby foroessetup uithinthe propelleritself.

Althoughthe chid oh$30tbf the testswas to determinetie
basioaerodynsmioproperties of the propellm, a few additional
tests were nM3deto detez3nlme the funotionel oharacteristios of the
acdawlldble mmhanismg

APPARATUSAm MEmols
,

The testswere oouduotedin the propeller-researohtunnelof
the I!IACA.I’igure1 showsthe wing-nacelleconibinatlonon whioh tile
~P~~ m mteda me wing, of IUKX ~Cl19.5seotion,had a
span of 15 feet and a dmzxlof 7.2 feet. All tests were run at
zem an@e of attaok. The mdial engine naoelle was 24.5 *s in
dlemeter and was fittedwiti a pcmt’orated plate to simlate the

resistance& en eqine to the flow thin@ the mwling.

!lheeleotx50EBtorused to dz5pethe propellerwas overloaded
to develop2Q horsepwer at UOO rpm. It was mountedinside.the
wing md drovetie pmp~m. throughan“-atAUSiOILdhart. ~

The ~e.ller bladeswere of laminatedwood oonstxuotdcm,fitted
in metal sleevesto pmvlde mtatiom tithinthe hub. (Seefig. 2-)
The tips were metal oovered. The bbdEiS Incorporatedm extsmded
~e@~thamf’1.exwibermr tm*half Oftha tip
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radius. !I!Msreflextmlllng edge
PrOmum I?igure 2 * theblah

,

yas remmd for pat of the test

fozm with and withoutthe reflex 1?

Testsof two methodsof pitchre@Ati& were made● For me
nmthodthe pitch a@le assumedby thebladeswas determinedby a
lmlmce betweemthe nmnantof the cemtrifugd forcem theblade-
counhrwei@t ass~ly and.9mldentapplied to the bl.qderoots by
the engine torque. In this case the enginetorqueIs appliedto
a bevelgear which is meshedwith gearsfastenedto the bladesin
such a way as to tmd to turn the blades tovard n low pitchposition,
This gear systemalso servesthe pu?.pmeof keep@ the twoblades
at the saw pitch● The counterweightswere attachedto theblab
rootsin such a nuner as to counteractthe enginetorque aad tend
to Iaumthe blades in the high-pitchpoqitlon. The two mmmts
wuld balanceat one rotaticmsl.apeedwhichwuuldbe independentof
airspeedor altitude.

In the other methodthe enginetorqueIs applledin theI+onnal
methoddirec~ to We hub. !l!hepitcha@Le assuredby the blades
Is in this case detemined by an equilibriumbetweenthe aemdynemia
mmmt of the refler-trailing-edgeblade end the mment of the
centrlfu@ force of the counterwel@ts. Idlinggearsa?w used to
Insurethat the bledm will eachbe at the samepitchat SU tires.

Tests were made with the bladeslockedat severalpil%h sett&s
of fmm 10° to 35° ta obtainthe basic aeromc characteristics
of the propellerwiti both bladeforms. The methodof zwnningthese
teatawas to increase~dually the tunnelvelocitywith the
rotaticmalspeedheld constantat its maximm valueuntil the tunnel
speedreachedIts meximumvalueof 100 milesper hour. The
remaindm of tie desired V/nD rmge was obtdned by reduc~ the
rotationalspeed. This samemethodwas used in the functionaltests
to determimethe pitchregulatim clkacterlsticsof the propeller.
M the lattercase the aboveprocedurewas alsorepeated in the
reversesequanceto 4Mmln the effectof frictions

A bank of tbtal-headtubeswas momted behhd the propeller
disk to“deterndnethe effectof the two reflextrailingedgeson
thrustdlatribution.The bed ~f tubeswas supportedindepaudently
of the mdel.
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Ttleprop511erreslllteEuep’esentea inweformof the
Eumwklsiw OoOffioimts# as fOUows 3

Te
. .

P

n

D

v
o

.!r*.
cT. —

Ii# II+

is the effeotlm *t, -, measuredthrwilt @LuElthe
body ~ ~a S-WY

mass dfmsitwof air, SIW per ou’blcfoot

rotatdmil q)eed,rpa

dlame~, feet

drspeea, foot per seooncl
.

H is iiletotalpressureand

q Is the @maniopressure, $V2 .
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me results am preeanteu m tale fozlmlng f-:

m
tOcmmltional traillng edge

Oomaluonal timmlQ6 4W

ccammtlonsl tmillng et@e

Convautlonaltralllngedge

reflextrdlizlgedge

reflextzall~ edge

red’1=trdllag edge

reflextrail- e@e

efficlancyanmlope comparisons

pressuredlstamlltionWhllM pmpeUers

functionalresultsfor automatioOperatlan-
_ tmque v~ centrifu@ force

aerodynamicChsracteriatlcaof propellerWhan
In automtic operation- en@ns torqueversus
cmtrifu@. force

functionalresultsfor autcmtic operation-
aero-csxly Steibilized blades

@modYllamlGteElt&.- As one Ilmthodd automatl(l pitch Caltrol
requiredthe pu’emmoeof reflexedtralllnged@s, it was desirable
to determinethe penaltylnqp~edby this addltkmal portionof the
blades. Teatswere rode,therefore,with the refl&ed trailing
edgesIntact,and alsowith themremved. &figure 12it~be
seen thatthe propellerwas from 1 to 2 percentmore efficlmt vlth
the tmlllng edges&lmmd to mnfom to conventionalpractioethan
With themIntact●

As the hub was ratherlargeemd not containedwlthtia spinner,
amparatedragmnwasmade todeterminetheeffect of the hubon
the dragof tJlebody. ‘lMsMb dragwas used In correct= the
envelopeeffioimcy curvufor the applicationwhemln the hub vould
be enolmed Withina spinner. ~iS commotion smunted to from O
to 2 percent,depmd3ng upon the V/nIl.We msximumcorrected
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sffioiemoy for the OoEwuticnlslbladsform thus.3A80he@85.peroealt
at a. pitch settingof”35°. :TMB efitiolqiwy is .yithin a pemmt.mr
EIO* what wWL be ~otedfmh”~td W.+bs.. . . I.. .. . ...-.. . .1””
,. As titqJreglex&aill.ng &es qre Intemkd to provMe .a*IY
ooxistantor zaw aeromo mment *t the o~ter of rotationof
the blades,theymat oreatea dragfomo at m ~ ~ ● It
wouldbe aqpeoted,therefore,“Wat this dmg force would rmilt ,in
a loss in ttumstc In figure13 areiplotsof the pmqsure distri-
Imtim ti the slipstreamSor both types of blades. It m& be noted
th8t ths -OX ~ ~ aia -t h U06S h .-t,-.
-*LY $~r we - PLW sett*. M l~” the *tire:-t
was omoentiatedlat the outi half of theM&lea, where~‘ reficzi
existed,for the prope+br with mflek hailing edges; ~ It
VELSo~-Watid nearertk oaatqr d th blMw I?w tht)mdler..
vitih oann3nti@u31trailing edges. . .

,-
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eoeffioientobtainedvith au~tlo ~itchoperatiunfor 12M
,~~ 0@03w6 _ ma 0=~ fo~e w * Pi*”
~ fmw ● -Se plotsm superposedm plotsof powr
otiioimt obtained~~ ti pitchfiredat mom sn@.es. It
may be noted thatwith the largecmmterwel@eJ set 10° with reqpect
to * normalof theblade chordline the power.ooeffioientremained
‘fairlyocmstantthrm# a vide rangeof blade.”angles.me total .
vtiation in power co~ioimt was ody 6 percentfor a 150 pitch
@MWS~ ~oat- -t * -e med ~ati~ -d be *
2 percsrnt.-For smallerpitah changes,as is conqated, the ~
povercoefficientand e@ne speedcouldbe held nearlyconstant.
Of furthertiterestis the fact that eithera demeasing or ~w
power coefficientmay be obtainedby ad.$ustkgthe weight,whichmay
be usefulfor ocmpansatingfor the loss or @n in powerwith sltl~de
for certaininstallations.It my be .$urthernoted,that the value
of tie power coefficient~ nearljpmpbrtimal to the alze of
the Wei@t used. A snmllwei@t provideda power coefficientof
a-mtedy O~, as against0.08fmorthe -r. weigh t..“ ....: .,

It shcQd be pointedout that ihasm.~ CM @e pitchid omtqmllerl
by engiq”.powerand oaRta&ugalforcej”tie bladesIEU. adjusttlmnselves,
maintaininga WzAant rpm for.a cohstanttorqueor powert The effeo”t
of air densityend airspeedm this equilibriumrotationalspeed
wouldbe smallfor normalblade confi tions for vhich theaerodynamic

rmommt is smallrelativeto the ti derivedfmm the mgine -e—.

I
I

I
I

\

.~o~~’f~e,’ q ‘I. -~ .:, . h ... . ?... . . . .: . . . . .

. ..

The effeotof the mflm traikg em on tie “operat@nal
cheraclxmurtiosof we propener designedb Opemte’Wi’thtorgpe’and ~
oentrifugdforce- lnccmse~tid.; as my be xmtedby ocmpariscn
of fi~s14(a) snd 14(b)+,. ‘ ‘: . ,- ~ .“
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l?igure 2.- Propeller blades. Conventional
blade and blade with reflex trailtig edge.
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